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The present invention relates to organometallic transition metal compounds of the 

— /*. !«, nr\ 
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is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or the 
lanthanides, 

are identical or different and are each an organic or inorganic radical, where two radicals 
X can also be joined to one anoth^, 
is a natural number fix>m 1 to 4, 

are identical or different and are each a divalent group selected firom the group consisting 
of .O., -S-, -Se-, -Te-, -N(R"K -P(R"K -As(R'^K -Sb(R"K -Si(R' V. 
-C(R^^^>C(R*^*^ and <:(R">C(R^^, where R*^ R** and R" are identical or 
differed: and are each hydrogem or an organic radical having from 1 to 40 carbon atoms, 
are identical or different and are each hydroj^ or an organic radical having from 1 to 40 
carbon atoms^ 



X 

10 

n 



15 
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R\ are identical or different and are each hydrogen or an organic radical having from 1 to 40 
carbon atoms, 

R^, R^ are identiod or different and are each halogen or an organic radical having from 1 to 40 
carbon atoms, where R^ is not methyl when is -C(H)=C(H>-, 
5 R^^ R*, P«^, R*®, R^^ and R*^ are identical or di^erent and are each hydrogen, halogen or an 

organic radical having from 1 to 40 carbon atoms, or two adjacent radicals R^ R^ R^ 
R^^, R" and R^^ together with the atoms connecting them form a monomelic or 
polycyclic, substituted or unsubstttuted ring system which has from 1 to 40 carbon atoms 
and may also contain heteroatoms selected from the group consisting of the elements O, 
10 S,Se,Te,N,P,As, SbandSi, 

or, 

if OT is -0-, -S-, -Se- or -Te-, the radical R^ together with R* and/or the radical R^ 
together with R^^ form a monocyclic or polycyclic, substituted or imsubstituted ring 
system which has from 1 to 40 carbon atoms and may also contain heteroatoms selected 
15 from the group consistuig of the elements O, S, Se, Te, N, P, As, Sb and Si, 

and 

A is a bridge consisting of a divalent atom or a divalent group. 

In addition, the present invention relates to biscyclopentadienyl ligand systems having 
such a substitution pattern, catalyst systems comprising at least one of the organometallic 

20 transition metal compounds of the present invention, a process for preparing polyolefins by 
polymerization or copolymerization of at least o^e olefin in the presence of one of the catalyst 
systems of the present invention and the polyolefins obtainable in this way, the use of the 
biscyclopentadienyl ligand systems of the present invention for preparing organometallic 
transition metal compounds and a process for preparing organometallic transition metal 

25 compounds using the biscyclopentadienyl ligand systems. 

Research and development on the use of organometallic transition metal compounds, in 
particular metallocenes, as catalyst components for the polymerization and copolym^ization of 
olefins with the aim of preparing tailored polyolefins has been pursued intensively in universities 
and industry over the past 15 years. In addition to the ethylene-based polyolefins prepared by 

30 means of metallocene catalyst systems^ propylene-based polyolefins in particular prepared by 
means of metallocene catalyst systems are now a dynamically growing market segment. 
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The use of soluble metallocene compounds based on 
bis(cyclopentadienyl)dialkylzirconium or bis(cyclopentadienyl) dihalide in combination with 
ahiminoxanes give atatactic polypropylenes. 

Bisindenyl-substituted ansa-metallocenes have been optimized in respect o^ in particular, 
5 their ability to produce highly isotactic polypropylenes having a high crystallinity and a high 
melting point. Furthermore, bisindenyl-substituted ansa-metallocenes which are suitable both for 
preparing highly isotactic poijfpropjdenes and tbr preparing high molecular weight propylene- 
ethylene copolymers which are used, for example, as rubb^ phase in the production of impact- 
mocKfied polypropylene polymers have been found. 
10 Organometallics 2002, 21, 2842-2855, describes metallocenes whose cyclopentadienyl 

ligands contain fiised-on thiophene fragments. These metallocenes were not converted fiirther 
into polymerization catalysts or tested as sudi. 

EP 549900 describes benzo-fiised bisindenyl metallocenes which when used as catalyst 
components allow the preparation of highly isotactic polypropylenes having an industrially 
15. relevant molar mass. 

EP 582194 describes bisindenyl-substituted ansa-metallocenes having a specific 
substitution pattern, by means of which polypropylenes having a reduced isotacticity can be 
obtained. 

However, there is a need for metallocene structures MMch not only make it possible to 
20 obtain polypropylenes having an eveii lower isotacticity while retaining a hig^ molar mass but 
also allow the preparation of high molecular weight propylene-ethylene copolymers. There is 
also a need for metallocene structures which allow the reduced isotacticity of the desired 
polypropylene to be controlled in a simple fiishion. FurthCTSiore, these metallocenes should 
also make it possible to fnrepare high molecular weight, crystalline polyethylenes ha^ng a high 
25 density. 

The known metallocene catalyst systems are still in need of improvement in respect of the 
property profile desCTibed. A fiirther aspect in the search for new catalyst systems and catalyst 
components is always the ability to obtain the new catalyst systems and catalyst components in 
an economical way and to provide an economical and environmentally fiiendly process for 
30 preparing polyolefins. 
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It is an object of the present invention to find new organometallic transition metal 
compounds which, when used as catalyst component for olefin polymerization, avoid the 
disadvantages of the prior art and make it possible for the polymerization beha^or and the 
polymer properti^ to be controlled in a targeted way. 

We lUIV6 ft>nnH that this object is achieve-d by the- OTS^namctMlc tranjsition metal 
compounds of the formula (I) mentioned at the outset 

is an element of group 3, 4, S or 6 of the Periodic Table of the Elements or the 
lanthanides, for example titanium, zirconium, hafiuum, vanadium^ niobium, tantalum, chromium, 
molybdenum or tungsten, preferably titanium, arconium, hafiuum, particularly preferably 
1 0 zirconium or hafiiium and very particularly preferably zirconium. 

X are identical or difiTerent, preferably identical, and are each an organic or inoiganic 
radical, wh^e two racficals X may also be joined to one anoth^. X is preferably halogen, for 
example fluorine, chlorine, bromine, iodine, preferably chlorine, hydrogen, C1-C20-, preferably 
Ci-C4-alkyl, in particular methyl, C2-C20-, preferably Cr^alkeiqrl, C6-C22-. preferably C6-C10- 
15 aryl, an alkylaryl or arylalk^ group having fiom 1 to 10, preferably firom I to 4 carbon atoms in 
the alkyl part and firom 6 to 22, preferably fix>m 6 to 10, carbon atoms in the aryl part, -OR^^ or - 
NR^^", preferably -OR*^ where two radicals X may also be joined to one another, preferably 
two radicals -OR^^ Two radicals X may also form a substituted or unsubstituted diene ligand, in 
particular a 1,3-diene ligand. The radicals R^^and R" are each C1-C10-, preferably Ci-C4-all^l, 
20 C6-Ci5-, preferably Cg-Cio-aryl, alkylaryl, arylalkyl, fluoroalkyl or fluoroaiyl each having fix>m 1 
to 10, preferably firom 1 to 4, carbon atoms in the alkyl radical and fi'om 6 to 22, pref^^rably firom 
6 to 10, carbon atoms in the aryl radical. 

Unless restricted fiirther, alkyl is a linear, branched or cyclic radical such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, i-butyl, s-but)d, t-butyl, n-pentyl, cyclopentyl, n-hexyl, 
25 cyclohexyl, n-heptyl or n-octyl. 

The index n is a natural number firom 1 to 4 ^ch is firequentiy equal to the oxidation 
number of minus 2. In the case of the elements of group 4 of the Periodic Table of the 
Elements, n is preferably 2. 

T^ and T^ are identical or different, preferably identical, and are each a divalent group 
30 selected from ihe group consisting of -0-, -S-, -Se-, •Te-, -N(R^^)-, -P(R^K -As(R")., -Sb(R^^K 
.Si(R* V, -CCR^^^'VCCR*^^ V -C(R^><:(R*% preferably -0-, -S- and -Se-, in particular 
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-S-, where R^^, R*"* and R*^ are identical or dififerent and are each hydrogen or an organic radical 
having from 1 to 40 carbon atoms. Preferred examples of the radicals R", R^"^ and R^^ are 
hydrogen, cyclic, branched or unbranched C1-C20", preferably Ci-Cg-alkyl radicals, C2-C20-, 
preferably C2-C8-alkenyl radicals, C6-C22-, preferably Q-Cio-aryl radicals, alkylaryl or arylalkyl 
5 radicals having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 
22, preferably from 6 to 10, carbon atoms in the aryl part, where the radicals may also be 
halogenated or the radicals R~^ R'"^ and R~' can also be substituted or unsubstituted, saturated or 
unsaturated, in particular aromatic, heterocyclic radicals which have from 2 to 40, in particular 
from 4 to 20, carbon atoms and contain at least one heteroatom, preferably a heteroatom selected 

10 from the group of elements consisting of O, N, S and P, in particular N. Particular prrference is 
given to R^^ and R^^ each being hydrogen or m^yl, in particular hydrogen. 

R^ and R^ are identical or difiG^rent, preferably identical, and are each hydrogen or an 
organic radical having fix>m 1 to 40 carbon atoms, for example Ci-C4o-alkyl, Ci-Cio-fluoroalkyl, 
C2-C4(ralkenyl, C6-C4o-aiyl, C6-Ci(rfluoroaryl, aiylalkyl, arylalkenyl or alkylaryl having from 1 

15 to 10, preferably from 1 to 4, caibon atoms in the alkyl part and from 6 to 22, pr^rably from 6 
to 10, carbon atoms in the aryl part, or a C2-C4o-heteroaromatic radical containing at least one 
heteroatom selected from the group consisting of the elements O, N, S, P and Se, in particular O, 
N and S, where the heteroaiomatic radical may be substituted by fiirther radicals R^^ v/here R^^ 
is an oiganic radical having &om 1 to 20 carbon atoms and is, in particular, defined like R^^ and 

20 a plurality of radicals R^^ may be identical or different. 

R^and R^ are preferably hydrogen, a cyclic^ branched or unbranched, preferably 
unbranched, Ci-Cao-, preferably Ci-Ci(ralkyl radical, a C6-C22-, preferably C6-Ci4-aiyl radical, 
an arylallgrl or all^laiyl radical having fix>m 1 to 10, preferably from 1 to 4, carbon atoms in the 
alkyl part and from 6 to 22^ preferably from 6 to 10, caibon atoms in the aryl part, or a C4-C24- 

25 heteroaromatic radical selected from the group oondsting of substituted or unsubstituted thienyl 
radicals, substituted or unsubstituted fiiryl radicals and substituted or unsubstituted pyrrolyl 
radicals, \^ere the substitu^ots on the five-membered heteroaromatic radicals are prefoably Ct- 
C4-alkyl radicals or C6-C20-, prrferably Ce-Cio-aryl radicals, in particular methyl, ethyl or phenyl. 
Particular preference is given to R^ and R'' being unbranched Ci-Cio-alkyl radicals^ in^ 

30 particular methyl, ethyl, n-propyl or n-he^^l. 
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and are identical or different, preferably identical, and are each hydrogen or an 
organic radical having 1 to 40 carbon atoms, for example Ci-C4o-alkyl, Ci-Cio-fluoroalkyl, C2- 
C4o-alkenyl, C6-C4o-aryl, Ce-Cio-fluoroaryl, aiylalkyl, aiylalkenyl or alkylaryl having from 1 to 
10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, prrferably from 6 to 

5 10, carbon atoms in the aryl part, or a C2-C4o-heteroaromatic radical containing at least one 

heteroatom selected from the group consisting of the elements O, N, S, P and Se, m particular O, 
N and where the heteroaiomatic radical may be substituted by furth^ radicals R^% where R^** 
is an oiganic radical having from 1 to 20 carbon atoms and is^ in partioilar, defined like R^^ and 
a plurality of radicals R^' may be identical or diff^ent. 

10 R^ and R^ are preferably hydrogen. 

R^ and R' ace identical or different, preferably identical, and are each halogen such as 
fluorine, chlorine, bromine or iodine, in particular fluorine or chlorine, or an organic radical 
having from 1 to 40, in particular from 3 to 40, carbon atoms^ for example Ci-C4o-allcyl, Ci-Cio- 
fluoroalkyl, C2-C4o-alkenyl, C6-C4(raiyl, Ci-Cio-fluoroaiyl, arylallqrl, arylalkenyl or alkylaryl 

1 5 having from 1 to 1 0, preferably from 1 to 4, cari^on atoms in the all^l part and fix)m 6 to 22, 
preferably from 6 to 10, rart)on atoms in the aryl part, or a Ci-Cio-heterocyclic, in particular 
heteroaromatic, radical containing at least one heteroatom selected from the group consisting of 
the elements O, N, S, P and Se, in particular O, N and S, where the heterocyclic radical may be 
substituted by further radicals R^^ i^ere R^' is an oiganic radical ha^g from 1 to 20 carbon 

20 atoms and is, in particular, defined like R^^ and a plurality of radicals R^^ may be identical Or 
different, where R^ is not methyl when is -C(H)==C(H)-. 

R^ and R^ are preferably each organic radicals which are branched in the a position and 
have from 3 to 40 carbon atoms, vdiere a radical branched in the a position is one whose linking 
a atom bears at least two directly bound atoms which are not hydrogen and not more than one 

25 directly bound hydrogen atom. The linking a atom is preferably carbon. 

The radicals R^ and R^ are particularly preferably C3-C2(r, preferably Ca-Cio-alkyl, C3- 
C20-, preferably Cs-Cs-alkenyl, C6-C22-, prefeably Ce-Cio-aryl, alkylaryl, arylalkyl or arylalkenyl 
each having from 1 to 10, prefo-ably from 1 to 4, carbon atoms in the alkyl part and &om 6 to 22, 
preferably from 6 to 10, carbon atoms in the aryl part, C3-C12-, preferably C5-C8-cycloalkyl or 

30 (^cloalkenyl, or the radicals R^ and R^ are racb saturated or unsaturated heterocyclic radicals 
• having from 3 to 10 carbon atoms and at least one heteroatom selected from the group consisting 



6 



LU 6142 (US) 



of the elements O, N, S, P and Si, preferably O, N and S, v^ere carboQrclic or heterocyclic 
radicals may be substituted by fiirther radicals where R^* is an organic radical having from 1 
to 20 carbon atoms and is, in particular, defined like R^^ and a phirality of radicals R^^ may be 
identical or different. 

5 Examples of preferred radicals R^ and R^ are ifjopropy!^ cyclobiityl, 1-methylpropy!, !- 

methylbutyU 1-ethylbutyl, 1-methylpentyl, cyclopentyl, cyclohexyl, t-butyU cyclopent-2-enyl, 
cyciopem-3-CTyi, cyclohex-2-enyl, cyclohex-3-enyl, para-methylcyclohe^^l, diphenylmethyl, 
tripheiqrlmethyl, phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,6-dimethylphenyl, 2,4,6-trimethylphenyl, 1- 
naphthyl, 2-naphthyl, phenanthyl, thieir/1, furyl, methylthienyl, methylfiiryl, trifluoromethyl or 
10 trimethylsilyl. 

R^, R^ R^ R^^, R" and R^^ are identical or difiPerent and are each hydrogen, halogen such 
as fluorine, chlorine, bromine or iodine, in particular fluorine or chlorine, or an organic radical 
having from 1 to 40 carbon atoms, for example Ci-C4o-alkyl, Ci-Cio-fluoroall^l, C2-C4o-alkenyl, 
C6-C4o-aiyl, C6-Cio-fluoroaiyl, arylalkyl, aiylalkenyl or alkylaryl each ha^g from 1 to 10, 

15 preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, 
carbon atoms in the aryl part, or a C2-C4o-heterocyclic, in particular heteroaromatic radical 
containing at least one heteroatom selected from the group consistmg of the elements O, N, S, P 
and Se, in particular O, N and S, wh^e the heterocyclic radical may be substituted by fiirther 
radicals B}\ where B}^ is an organic radical having from 1 to 20 caibon atoms and is^ in 

20 particular, defined like R^^ and a plurality of radicals R^^ may be identical or different, or two 
adjacent racUcals R^ R^ R^ R^®, R" and R^^ togeth^ with the atoms connecting them may form 
a monocyclic or poly(yclic substituted or unsubstituted ring system which has from 1 to 40, 
preferably fix>m 4 to 30, carbon atoms and may also contain heteroatoms selected from the group 
consisting of the elements O, S, Se, Te, N, P, As, Sb and Si, in particular O, N and S. 

25 Preference is given to K\ R^ R*^ and R" being identical and each being hydrogen and R^ 

and R^^ being as defined above. 

If or is -0-, -S-, -Se- or -Te-, the radical R^ tog^er with R^ and/or the radical R' 
together with R^^ can fi)rm a monocyclic or polycyclic, substituted or unsubstituted ring system 
which has from 1 to 40 caibon atoms and may also contmn heteroatoms selected from the group 

30 consisting of the elements O, S, Se, Te, N, P, As, Sb and Si, m particular O, S and N. R^ with R"* 
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and/or whh R^^ together with the two further carbon atoms in each case preferably form 5- 
and 6-membered ring systems which are preferably aromatic. 

A is a bridge consisting of a divalent atom or a divalent group. Examples of A are: 

R19 R19 RIO Rie RW RIB 

I ! ! 1 ! ! 



I I .1 



c — . — c — c — . — c — c — c - 

I I ! ! ! ! 

R2D R20 Rao R20 R20 pZ> 



R19 R19 Rifl 



O . M2 C 

I I I 

Rao Rao R21 

-B(R^^., -B(NR^^'^, -A1(R'^, -0«, -S-. .S(OK -S(02>, -N(R'^, 
5 -CCO)-, .P(R^> or .P(0) (R* V. 

preferably 

R18 RIB Rie RIB 

I 



Rao R20 R20 Rao 

where 

is silicon, germanium or tin, preferably ^icon or gennanium, particularly preferably 
silicon, and 

10 R^^ R^® and R^^ are identical or different and are each a hydrogen atom, a halogen atom, a 

trimethylsilyl group, a Ci-Cio-, preferably Ci-Ca-alkyl groiq), a Ci-Cio-fluoroalkyl group, a Cs- 
Cio-fluoroaryl group, a C6-Cio-aiyl group, a Ci-Cio-, prefeably Ci-Ca-alkoxy group, a Cr-Cis- 
alkylaryloxy group, a Ca-Cio-, prrferably C2-C4-alkenyl group, a Cr-C40-aiylalkyl group, a Cg- 
C4o-aiylalkenyI group or a C7-C4o-alkylaryl group or two adjacent radicals together with tiie 

IS atoms connecting them form a saturated or unsaturated ring having from 4 to IS carbon atoms. 
Particularly preferred examples of A are the bridges: 
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dimethylsilanediyl, methylphenylsilanediyl, diphenylsilanediyl, dimethylgermanediyl, 
ethylidene, 1-methylethylidene, 1,1-dimethylethylidene, 1,2-dimethylethylidene, 1,1,2,2- 
tetramethylethylidene, dimethylmethylidene, phenylmethylmethylideneordiphenylmethylidene, 
in particular dimethylsilanediyl, diphenylsilanediyl and ethylidene. 
5 The radicals R^ R^ R^ K\ R^ R^ R^ K\ R^ R^^, R", R^^ r", R^\ n}\ R»«, r", r«, 

R^^ R^ and R^^ may, according to the present invention, have further heteroatoms in place of 
carbon atoms or hydrogen atoms, in particuiar heteroatoms selected from the group consisting of 
Si, N, P, O, S, F and CI, or functional groups without alt^g the polymerization properties of 
the organometallic transition metal compound of the present invention, as long as these 

10 het^oatoms or functional groups are diemically in^ under the polymmzation conditions. 

Furthermore, the substituents according to the present invention are, unless restricted 
fiirth^, defined as follows: 

The term ''organic radical having from 1 to 40 carbon atoms" as used in the present text 
refers^ for ejcample, to Ci-C4o-allgrl radicals^ Ci-Cio-fluoroalkyl radicals, d-Cia-eSkoxy radicals, 

15 saturated Cs-Csrheteiocyclic radicals, C6-C4o-aryl radicals, Q-C^o-hetmaromatic radicals^ Ce- 
Cicrfluoroaryl radicals, C6-Cio-arylo>7 radicals, Cs-Cis-trialkylsilyl radicals, Ci-Czo-alkenyl 
radicals, C2-C2o-alkynyl radicals, CT-C^o-aiylalkyl radicals or C8-C4o-aiylalkenyl radicals. Such 
an organic radical is in each case derived from an organic compoimd. Thus, the organic 
compound methanol in principle give rise to three difi^nt organic radicals having one 

20 caiton atom, namely methyl (IfeC-), methoxy (H3C-O-) and hydroxymethyl CHOCCHa)-). 

The term ''allc^r as used in the present text encompasses linear or angly or multiply 
branched saturated hydrocarbons which may also be cyclic. Preference is given to Ci-Cis-alkyl, 
such as methyl, ethyl, n-prop^, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, 
cyclopentyl, cydohexyl, isopropyl, isobutyl, isopmtyl, isohexyl, sec-butyl or tert-butyl. 

25 The term '*alkenyP as used in the present text encompasses linear or singly or multiply 

branched hydrocarbons each having at least one C-C double bond; in the case of a plurality of 
double bonds, these can be cumulated or alternating. 

The term ''saturated heterocyclic radical'^ as used in the present text refers, for example, 
to monocyclic or polycyclic, substituted or unsubstituted hydrocarbon radicals in which one or 

30 more caibon atoms, CH groups and/or CH2 groups have been replaced by heteroatoms preferably 
selected from the group consisting of O, S, N and P. Preferred ^camples of substituted or 

9 
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unsubstituted saturated heterocyclic radicals are pyrrolidinyl, imidazolidiayl, pyrazolidinyl, 
piperidyl, piperazinyl, morpholinyl, t^rahydrofiiranyl, tetrahydropyranyl, tetrahydrothienyl and 
the like, and also methyl-, ethyl-, propyl-, isopropyl- and tert-butyl-substituted derivatives 
thereof. 

The term "aryl" as used in the present tm refers, «>r sx&vsplo, to aiomaiic asd possibly 
also fiised polyaromattc hydrocaihon substituents which may be monosubstituted or 
poiysubstituted by linear or branched Ci-Cis-alkyl, Ci-Cis-alkoxy or CrCio-alkenyl groups or 
halogen atoms, in particular fluorine. Preferred examples of substituted and unsubstituted aiyl 
radicals are, in particular, phenyl, pentafhiorophenyl, 4-methylphenyI, 4-ethyIpheny], 4- 
propylphenyl, 4-isopiDpylphenyl, 4-lierr-butylphenyl, 4-methoxyphenyl, 1-naphthyI, 9-anthiyl, 9- 
phenanthiyl. 3,S-dimetfaylphenyl, 3,S-di-il0rr-butyIphenyl or 4-trifluoromethylphenyl. 

The tajn **heteroan>matic radical" as used in the presrat teatt refers, for example, to 
aromatic hydrocarbon radicals in which one or more carbon atoms have been replaced by 
nitrogen, phosphorus oxygen or sulfur atoms or combinations thereof These may, like aiyl 
radicals, be monosubstituted or poiysubstituted by linear or branched Ci-Cis-alkyl, C2-C10- 
alkenyl groups or halogen atoms, in particular fluorine. Pr^rred examples are fiiryl, thienyl, 
pynolyl, pyridyl, pyrazolyl, unidazolyl, oxazolyl, thiazolyl, pyrimidmyl, pyiazinyl and the like, 
and also methyl-, ethyl-, propyl-, isopropyl- and tert-butyl-substituted derivatives thereof 

The term "aiylalkyl** as used m the present text r^rs» for example, to aiyl-contaimng 
substituents whose aiyl radical is Imked via an alkyl chain to the remainder of the molecule. 
Preferred examples are benzyl, substituted benzyl, phenethyl, substituted phenethyl and the Uke. 

The e9q>ressions flu<HDall7l and fluoroaiyl mean that at least one hydrogen atom, 
preferably more than one up to a maximum of aU Iqrdrogen atoms, of the respective substituents 
have been rq>laced by fluorine atoms. Examples of fluorine-containing substituents which are 
prefored accordii^ to the present invention are trifluoromethyl, 2,2,2-trifludro^yl, 
praitafluorophenji, 4.trifluoromethylphenyl, 4-perfluoro-tm-butylphenyl and the like. 

Presence is given to organometallic transition metal compounds of the formula 0) in 

v4iich 

M* is an elemem of group 4 of tiie Periodic Table of the Elements, preferably zirconium or 

hafiiium, in particular zirconium, 
n is 2, 
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T\ are identical and are each -0-, -S-, -Se- or -Te-, preferably -O- or -S-, in particular -S-, 

R*, are identical and are each a Ci-Cio-alkyI radical, for example methyl, ethyl, propyl, 
isopropyl, n-butyl, n-hexyl, cyclohe^qrl or n-dec^l, preferably methyl or ethyl, in 
particular methyl, 

R^ R^ are identical and are each hydrogen, 

are identical or different and are each a substituted or unsubstituted C6-C4o-aryl radical or 
C2-C4o-heteroaromatic radical having at least one heteroatom selected from the group 
consisting of O, N, S and P, preferably a substituted or unsubstituted C6-C4<raiyl radical 
such as phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3^imethylphenyl, 2,4.dimethylphenyl, 2,5- 
dunethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,S-dimethylphenyl, 3,5- 
di(tert-butyOphenyl, 2,4,6-trimethylphenyI, 2,3,4-trimethylphenyl, 1-napfathyl, 2- 
naphthyl, phenanthrenyl, p-isopropylphenyl, p-tert-butylphenyl, p-s-butylphenyl, p- 
cydohexylphenyl and p-trimethylsilylphenyl, in particular phenyl, l-mq)htiiyl, 3,5- 
dimethylphenyl and p-tert-butylphenyl, 

K\ R\ B}^ and R" are identical and are each hydrogen, 

R^ R^^are identical and are each hydrogen or an organic radical having from 1 to 20 carbon 
atoms, for example a cyclic, branched or unbranched C1-C20-, preferably Ci-Cio-alkyl 
radical, a 02-620-, preferably C2-C8-alkenyl radical, an arylalkyl radical having from 1 to 
10, preferably from 1 to 4, (»rbon atoms m the allgrl part and fix)m 6 to 14, preferably 
from 6 to 10, carbon atoms in the aryl part, preferably hydrogen, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, i-butyl, s-butyl, t-bufyl, phenyl, naphthyl, benzyl or 2-phenylethyl, in 
particular hydrogCT, methyl or isopropyl, 

A is a substituted silylene group or a substituted or unsubstituted ethylene group, preferably 
a substituted silylene group such as dimethylsilanediyl, methylphenylsilanediyl, methyl- 
t^-butylsilanediyl or diphenylsilanediyl, in particular diinethylsilanediyl, 

X and 

the other variables are as darned in formula (T). 

Illustrative but nonlimiting examples of novel organometallic transition metal compounds 
of the formula (I) are: 

[dimethylsiIanediyl(2-methyl-8-phenylben2»[b]cyclopenta[d]thi 
ylidene)2]zirconium(IV) dichloride. 
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[dime%lsiIanediyI(2,5-dimethyl-8-phenylbenzoIb]cycIopenta[d]thi^ 
ylidene)2]2irconium(IV) dichloride, 

[dimethyIsiIanediyI(2,S38-trimethyIbenzo[b]cyclopenta[d]tM 
dichloride, 

[dimethylsilanediyl(2,S-dimethyl-8-isopropyIbenzo!>1cyclop^^ 
ylidene)2]zirconiiim(IV) dichloride, 
[dimethyisiianediyi(2-methyi-^hiorobeiizoLbJ^^ 
dichloride, 

[dimethylsilanediyI(2-methyl-84sQpropylbeiizo|>]cyclo^ 
dichloride, 

[dimethyl5ilanediy!(2,8-dimet]iylbeiizo[b]cycl^^ 
dichloride» 

[dim6thylsilanediyl(2-methyl-8-cyclopentylbeiizoi>](^^ 
ylideiie)2]2drconiiiin(IV) dichloride, 
[dimethylsilanediyI(2-methyl-8-tolylbeiizo[b]cy^^ 
dichloride^ 

[dimethylsilanediyl(2-methyl-8-methoxybenzo[b]cyclopeirt^ 
dichloride» 

[dimethylsilanediyl(2-methyl-8^ec-butyIbeiizo[b]cycIope^ 
dichloride, 

[dimethylsilanediyl(2jmethyl-8-phenyl-S,6J,8-t^ahyd^^^ 
ylidene^]zi]xoi]iuin(IV) dichloride, 

[dimethylsUanediyl(2-methyl-8-phenylbenzo[b]cyclopema[^^ 

(2,8Klimethylbenzo|b]cyclopema[d]thien-3-ylidene)]^ 

[dimethylsUanediyl(2-isopropyl-8-phenylbeiizo[b]cyclopenta[d]tMen^^ 

(2,8-<limethylbenzo|>]cyclopenta[d]thien>3-^^ 

[dim^ylsilanediyl(2-isopropyl-8-metfaylbeiizo|>]cyclopenta[^^ 

(2-methyl-8-phenylbenzo|>]cyclopenta[d]thienO-yUdene)^ dichloride, 

[dimethylsUanediyl([8-methyl-2-(S-methyl-iuian 

(2,8-dimethylbeiizo|>]cyclopenta[d]thien-3-yIidene)]zircom^ 
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(dimethylsilanediyl([8-methyl-2-(5-me%l-fui^-2-yI)beiizo|b]cyclopenta[d]^^ 
(2-me%l-8-phenylben2oI>]cyclopenta[d]thien-3-yUdene)]2ircomum(IV)dichIori^ 
[dimethylsilanediyl(2-methyl-8-phenylbeiizo[b]cyclopenta[d]thien-3-yUdene)- 
(2,5-dimethyl-3-phenyl-6H-cyclopenta|>]thieii-6-ylidene)]zircorauin(^ 
5 [dimethylsUanediyl(2-methyl-8-phenylben2o|blcvclopeiitard]thien-3-y^^ 
( (2-methyl-cyclopenta[a]naphthalen-3-ylidene)]zircoiuum(IV) dichloride, 
[dL'nsthy!siIancdiyK5-meihyl-7-ihi^emaieno[i,2-«Jii^ 
dichloride, 

[dimethylsiIanediyl(2,9-dimethylcyclopeim<a]naphthdeii-3-ylidene)2]zir^ 
1 0 [dimethylsilaiiediyl(2,6,9-trimethylcyclopeiita[a]iiaphihale^^ 
dichloride, 

[dimethylsilaiiediyl(2,6,9-trimetHyl-4,5-daiydrocydopeiitaM^ 
ylidene)2]zirconiuitt(IV) dichloride, 

[dimethylsilanediyl(2,4-dimethyl-8-phenylcycIopQita[b]indol-3-^^^ 

15 [<iimethyIsilaiiediyI(2,4-dimethyl-8-tolylcyclopeiita[b]indoM-^^^^ dichloride. 

[dimetMsilanediyI(2-methyI-4-pI^yl-^xac7clopenbi[a]mdeii-l-y^^^ 
dichloride, 

[dime%lsilaiiediyK2-methyl-4-phenyl-8-telIuracyclopentaW^ 

[etlqrlene(2-methyl-*.phenylben2o[b]cyclopeiita[d]thien-3-ylideiie)2]zii^ 

20 [ethyIene(2,5Mlimethyl-8-phenylben2o[b]cydopenta[d]thieii-3-yKdene)2]z^ 
dichloride^ 

[elhylene(2.5,84rimefliylbenzo[b]cydopeirta[d]thieii-3-ylidene)2]zi^ 

[etlqrlene(2-niethyl-«-chloroben2oD)]cyclopeiita[d]thien-3-ylidene)2]2in» 

[ethy!ene(2-methyl-8-isopropyIben2o[b]cyclopenta[d]thien-3-ylidene)2]2ircoiiium(^ 
25 dichloride 

[e%Iene(2,8-dimethylbeii2o[b]cyclopenta[d]thien-3-ylidene)2]2ircomum 

[diisopropylaimdoborane(2-methyl-4-phenyl-8-oxaqrclopeiita[a]inden-l-yI)2]zir 
dichloride, 

[diisopropyIaimdoborane(2-methyl-8.phenyIbenzo[b]cyclopenta[d]thieii-3- 
30 ylidene)2]zircoiiium(IV> dichloride, 
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[dusopropylainidoborane(2,5,8-trimethylbenzo[b]<ycto^ 
dichloride, 

[diisopropylanudoborane(2,S-(timethyl-8-phenylbenzo|^^ 
ylidene)2]ztrcoiuum(IV) dichloride. 
[disscprcpylanudofcorarie(2A5-uirueui^ 
dichloride, 

[diisopropylanudoborane(2,4-dimetfayl-8-tolylcyclopentap>] 
dichloride, 

[methylene(2,4-dimethyM-tolylcyclopenta[b]indolO-yl)2]2^ 

[methylene(2-methyl-4-phenyl-8-oxacyclopenta[a]inden-l-yl)2]2^ 

[methylene(2,6,9-trimethylcyclopenta[a]imphthaIett-3-yUdene)^^ 

[methyIene(2-methyl-8-phenylben2o[b]cycIopenta[d]tMen-3-ylidene)2]zu^^ 

[methylene(2-methyl-8-isopropylbeii2oI>]cyclopenta[d]thien-3-ylidene)^^^ 

dichloride, 

[methylene(2-methyl-8-phenylbeiizo(b]cyclopenta[d]tWen-3*ylidene)- 
(2-isopropyl-4-phenyl-lH-inden-r-yl)]zircomum(I\^ dichloride, 
[diphenyUnethylene(2-methyl-4-phenyl-8-oxacyclopenta[a]inden-l-yl)2]zi^ 
dichloride, 

[diphenyUnethylene(2-methyl-8-isopropylbenzoIb]cyclopenta[d]thi 
dichloride. 

The numbering of the ring atoms is according to the following scheme: 




The novel organometallic transition metal compounds of the formula (I) make it possible, 
in particular, to prepare propylene homopolymers having a reduced isotacticity, to prepare very 
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propylene-rich propylene-ethylene rubber having a high molar mass and to prepare aystaUine 
polyethylenes having high densities and high molecular weights. 

The novel metallocenes of the formula (I) can be prepared by methods as described in 
WO 03045964. The organometallic transition metal compounds of the formula (I) are usuaUy 
obtained together with a fiirther diastoreomer. 





meso or pseudo-nneso 



10 



The oiganometaUic transition metal compounds of the fonnula (I) (rac or pseudo-rac) can 
also be used as a diastereomer mixture together with the undesired diastereomeis (meso or 
pseudo-meso) coproduced in the synthesis in the preparation of the catalysts. 

The separation of the diastereomers is known in principle. 

The invention fiirther provides biscyclopentadienyi ligand systems of the fonnula (II) 
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or their double bond isomers, 

where the variables K\ R\ R^ R'*, r' R«, R^, R« R^ r>«, r»», r", t\ and A are as defined in 
formula (I). 

Particular preference is given to biscydopeittadienyl ligand systems of the formula (p) 

in which 

T', are identical and are each -0-, -S-, -Se- or -Te-, preferably -O- or -S-, in particular -S-, 
R*, R' are identical and are each a Ci-Cio-alkyl radical, for example methyl, eOsyl prop^ 

isopropy], n-butyl, n-he^grl, <^clohe>^l or n-decy], prefoably methyl or rthyl, in 

particular methyl, 
R^ R^ are identical and are each hydrogen, 

R^ R' are identical or different and are each a substituted or.unsubstituted C6-C4o-aiyl radical or 
C2-C4o-heteroaix>niatic radical having at least one heteroatom selected Brom the group 
consistiqg of O, N, S and P, ptefoably a substituted or unsubstituted Cs-do-aiyl radical 
such as phenyl, 2-tolyl, 3-tolyl, 4^olyl, 2,3-dimetfaylphenyl, 2,4-dimethylphenyl, 2,5- 
dunethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 3,5- 
di(tert-butyl)phenyl. 2.4,6-trimethylphenyl. 2,3.4-trimethylphenyl, l-naphthyl, 2- 
napfatfayl, phenanthrenyl, p-isopn^Iphenyl, p-tert-bu^pheir/1, p-s-butylphenyl, p- 
cydohraylphrayl and p^rimetfaylsilylphenyl, in particular phenyl, l-napMsyU 3,5- 
dimethylphenyl and p-tert-butylphenyl, 

R^ R^ R*° and R' ^ are idortical and are each hydrogen. 
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R^^are identical and are each hydrogen or an organic radical having from 1 to 20 carbon 
atoms, for example a cyclic, branched or unbranched C1-C20-, preferably d-Cio-alkyl 
radical, a C2-C20-, preferably Cr-Cg-alkenyl radical, an arylalkyl radical having jfrom 1 to 
10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 14, preferably 
from 6 to 10, carbon atoms in the aryl part, preferably hydrogen^ methyl, ethyl, n-prcpyl, 
isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, phenyl, naphthyl, benzyl or 2-phenyletfayl, in 
pafilcular hydrogen, methyl or isopropyl, 

and 

A is a substituted silylene group or a substituted or unsubstituted ethylene group, preferably 
a substituted silylene group such as dimethylsilanediyl, methylphenylsilanediyl, methyl- 
tert-butylsilanediyl or diphenylsilanediyl, in particular dimethylsilanediyl. 
The substitution pattern of the biscg^clopentadienyl ligand systems of the formula (H) is 
critical to the particular polymerization properties of the organometallic transition metal 
compounds containing these biscyclopentadienyl ligand systems. 

The invention fiirther provides for the use of a bisqy^dopentadienyl ligand system of the 
formula (II) for preparing an organometallic transition metal compound, preferably for preparing 
an organometallic transition metal compound of an element of group 4 of the Periodic Table of 
the Elements^ in particular zhconium. 

Thus, the present invention also provides a process for preparing an oiganometallic 
transition metal compound, which comprises reacting a biscyclopentadienyl ligand system of the 
formula (II) or a bisanion prepared thmfrom with a transition metal compound The usual 
procedure is firstly to doubly dq)rotonate a ligand system of the formula (II) by means of a base 
such as n-butyllithium and subsequently to react it with a suitable transition metal source such as 
zirconium tetrachloride. Howev«^, as an alternative, the uncharged biscyclopentadienyl ligand 
system of the formula (IT) can be reacted directly with a suitable transition metal source which 
has strongly basic ligands, for e?cample tetrakis(dimethylamino)zirconium. 

The novel organometallic transition metal compounds of the formula (I) are, particularly 
in the presence of suitable cocatalysts, highly active catalyst constituents for the polymerization 
ofolefins. 

The cocatalyst which together with the novel organometallic transition metal compound 
of the formula (t) forms a polymerization-active catalyst system is able to convert the 
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organometallic transition metal compound into a species which displays polymerization activity 
toward at least one olefin. The cocatalyst is therefore sometimes also referred to as activating 
compound. The polymerization-active transition metal' species is frequently a cadonic species. 
In this cas^ the cocatalyst is frequently also referred to as cation-forming compound. 

The present invention therefore also provides « catalyst system fcr the poljr'merizstios of 
olefins comprising at least one or^ometallic transition metal conq)ound of the formula (I) and 
at lease one cocatalyst which is able to conv^ the oiganometallic transition metal compound 
into a species which displays polymerization activity toward at least one olefin. 

Suitable cocatalysts or cation-forming compounds are, for example, compounds such as 
an aluminoxane, a strong imcharged Lewis acid, an ionic conq}ound having a Lewis-acid cation 
or an ionic compound containing a Brdnsted acid as cation. Preference is ^ven to using an 
aluminoxane as cocatalyst. 

In the case of metallocene complexes as oi:ganometallic transition metal compounds, the 
cocatalysts are frequently also referred to as compounds capable of forming metallocenium ions. 

As aluminoxanes^ it is possible to use, for e?ian[q>le, the coaq}ounds described in WO 
00/3 1090. Particularly usefol compounds of this type are open-diain or cyclic ahiminoxane 
compounds of the formula (HI) or (IV) 




(IV) 



,22 



where 

is a Ci-C4-alkyl group, preferably a methyl or ethyl group, and m is an integer from 5 to 
30, pref^ly from 10 to 25. 

These oligomeric aluminoxane compounds are usually pr^ared by reacting a solution of 
trialkylaluminum with wat^. In general, the oligomeric aluminoxane confounds obtained in 
this way are in the form of mixtures of both linear and cyclic chain molecules of various lengths, 
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SO that nuinay be regarded as a meaa The ahiminoxane compounds can also be present in 
admixture with other metal alkyls, preferably aluminum alkyls. 

Furthermore, it is also possible to use modified aluminoxanes in which some of the 
hydrocarbon radicals or hydrogm atoms have been replaced by alkoxy, aryloxy, siloxy or amide 
5 groups in place of the aluminoxane comnnundR nf the formula (Ht) or (IV). 

It has been found to be advantageous to use the novel organometallic transition metal 
compound of the formula (I) and the aluminoxane compounds in such amounts that the atomic 
ratio of aluminum from the aluminoxane compounds to the transition metal from the 
organometallic transition metal compound is in the range from 10:1 to 1000:1, preferably in the 
10 range from 20:1 to 500:1, in particular in the range from 30:1 to 400:1. 

As strong, uncharged Lewis acids, preference is given to compounds of the formula (V) 
NfX^X^X^ (V) 

whereM^ is an element of group 13 of the Periodic Table of the l^ements, in particular B, . 
Al or Ga, prrferably B, 

15 X*, X^ and X^ are each, independently of one another, hydrogra, Ci-Cio-alkyl, Ce-Cw-aryl, 

alkylaryl, arylalkyl, haloalkyl or haloaiyl each having from 1 to 10 carbon atoms 
in the alkyl radical and from 6 to 20 carbon atoms in the aryl radical or fluorine, 
chlorine, bromine or iodine, in particular haloaryl, preferably pentafluorophenyl. 
Furth^ examples of strong, uncharged Lewis acids are given in WO 00/31090. 
20 Particular preference is given to compounds of the formula (V) in which X^ X^ and X^ 

are identical, preferably tri5(pentafluorophenyl)borane. 

Strong uncharged Lewis acids suitable as cocatalyst or cation-forming compounds also 
include the reaction products from the reaction of a boronic acid with two equivalents of a 
trialkylaluminum or the reaction products of the reaction of a trialkylaluminum with two 
25 equivalents of an acidic fiuorinated, in particular perfluorinated, carbon compound such as 
pentafluorophenol or bis(pentafluorophenyl)borinic acid. 

The suitable ionic compounds having Lewis-acid cations include salt-like compounds of 
the cation of the formula (VI) 

l(Y^Q^Q\Xty^ (VI) 

30 where 

Y is an element of the groups 1 to 16 of the Periodic Table of the Elements, 
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to are each single negatively charged groups such as Ci-C28-alkyl, Ce-Cis-aryl, 

alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in 
the aryi radical and from 1 to 28 casbon atoms in the alkyl radic^ Ca-^Cio* 



cycloalkyl which may bear Ci-Cio-alkyl groups as substituents, halogen, C1-C28* 
5 alkoxy, CeO-Cis-aryloxy, silyl or mercaptyl groups, 

a is an integer from 1 to 6 and 

z is an integer from 0 to 5, and 

d corresponds to the difference a * z, but d is greater than or equal to 1. 



Particularly useful cations are carbonium cations, oxonium cations and sulfonium cations 
1 0 and also cationic transition metal complexes. Particular mention may be made of the 

tripheiqrlmethyl cation, the silver cation and the l,l'-dimethylferrocenyl cation. They preferably 
have noncoordinating counterions^ in particular boron compounds as are mentioned in WO 
91/09882, preferably tetrakis(pentafluorophenyl)borate. 

Salts having noncoordinating anions can also be prepared by combining a boron or 
1 5 aluminum compound, e.g. an ahiminum all^l, with a fruth^ compound which can react to link 
to two or more boron or aluminum atoms, e.g. water, and a third compound which forms an 
ionizing ionic compound with the boron or aluminum compound, e.g. triphenylchloromethane. 
In addition, a fourth compound which likewise reacts with the boron or aluminum compound, 
e.g. pentafluorophraol, can be added. 
20 Ionic compounds containing Bronsted acids as cations prefmbly likewise have 

noncoordinating counterions. As BrSnsted acid, preference is given to, in particular, protonated 
amine or aniline derivatives. Preferred cations are N,N-dimethylaniliniuni, NJ^- 
dimethylcylohexylanunonium and N,N-dimetfaylbenzylammonium and also derivatives of the 
latter two. 

25 Preferred ionic compounds as cocatalysts or cation-forming con9)ounds are, in particular, 

N,N-di-methyIanilinium tetrakisO)entafluorophenyl)borate, N,N-dimethylcyclohexylammonium 

t^rakis-(pentafluorophenyl)borate and N,N-dimethylbenzylanunonium 

tetrakisQ)entafluorophCTyl)borat& 

It is also possible for two or more borate anions to be joined to one another, as in the 
30 dianion [(C6F5)2B-C6F4-B(C6F5)2]^', or the borate anion can be bound via a bridge having a 

suitable functional group to the siir&ce of a support paiticle. 
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Further suitable cocatalysts or cation-forming coixq^ounds are listed in WO 00/31090. 
The amount of strong, uncharged Lewis acids, ionic compounds having Lewis-acid 
cations or ionic compounds containing Bronsted acids as cations is usually from 0. 1 to 
20 equivalents^ preferably from 1 to 10 equivalents, based on the novel oiBanometallic transition 
5 metal comoound of the formula (T\. 

Further suitable cocatalysts or cation-forming compounds are boron-aluminum 
compounds such as di-[bisQ>entafluorophenylboroxy)]methylaIatte. Sudi boronraluminum 
compounds are disclosed, for example, in WO 99/06414. 

It is also possible to use mixtures of all the abovementioned cocatatalysts or cation- 
10 formmg confounds. Prefared mixtures comprise aluminoxanes^ in particular 

methylaluminoxane, and an ionic compound, in particular a conqK>und contmning the 
tetrakis(pentafluorophenyl)borate anion, and/or a strong uncharged Lewis acid, in particular 
tris(pentafluorophfflyl)borane. 

Preference is given to using both the novel organometallic transition metal compound of 
IS the formula (I) and the cocatalysts or cation-forming compounds in a solvent, pr^rably 
aromatic hydrocarbons having from 6 to 20 carbon atoms, in particular ?^lenes and toluene. 
The catalyst can forther comprise a metal compound of the formula (VII), 

M*(R^(R^(R^^ (Vn) 

where 

20 is an alkali metal, an alkaline earth metal or a metal of group 13 of the Periodic 

Table, i.e. boron, aluminum, gallium, indium or thallium, 
is hydrogen, Ci-Cio-alkyl, C6-Ci5-aiyl, alkylaryl or arylalkyl each having from 1 
to 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl 
part, 

25 and R^^ are identical or different and are each hydrogen, halogen, Ci-Cio-alkyl, C6-C15- 
aryl, alkylaryl, arylalkyl or alkoxy each having from 1 to 10 carbon atoms in the 
alkyl radical and from 6 to 20 carbon atoms in the aryl radical, 
r is an integer from 1 to 3, 

and 

30 s and t are integers from 0 to 2, where the sum r+s+t corresponds to the valence of M^, 

wh^e the metal con4)ound of the formula (VH) is usually not identical to the cocatalyst or the 
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cation-forming compound. It is also possible to use mixtures of various metal compounds of the 
formula (VII). 

Among the metal compounds of the formula (Vn), preference is given to those in which 
is lithium, magnesium or olummum and 
5 R^"* and R^^ are each Ci.r,«-a11n/l . 

Particailarly preferred metal compounds of the formula (VII) are n-butyllithium, n-butyrl- 
n-octyl-magnesiun\ n-butyl-n-heptyl-magnesium, tri-n-hexylaluminum^ triisobutyialuminum, 
triethylaluminum and trimethylaluminum and mixtures thereof. 

If a metal compound of the formula (VII) is used, it is preferably present in the catalyst in 
1 0 such an amount that the molar ratio of from formula (VII) to transition metal from the 
novel organometallic transition metal confound of the formula (I) is from 800:1 to 1:1, in 
particular fiiom 200:1 to 2:1. 

Particular preference is given to a catalyst system conq)ri5mg a novel organometallic 
transition metal compound of the formula (t) and at least one cocatalyst and also a support. 
IS To obtain such a supported catalyst ^stem, the unsupported catalyst system can be 

reacted vdth a support. The order in which the support, the organometallic transition metal 
compound of the invention and the cocatalyst are combined is in prindple inmiaterial. The 
organometallic transition metal compound of the present invention and the cocatalyst can be 
immobilized independentiy of one another or simultaneously. After the individual proc^ steps, 
20 the solid can be washed with suitable inert solvents such as aliphatic or aromatic hydrocaifoons. 

As supports^ prefi^ence is given to udng finely divided supports which can be any 
organic or inorganic, inert solids. In particular, the support can be a porous solid such as talc, a 
3heet dlicate, an inorganic oxide or a finely divided polymer powder (e.g. polyolefin). 

Suitable inorganic oxides may be found among the oxides of the elements of groups 2, 3, 
25 4, S, 13, 14, 15 and 16 of the Periodic Table of the Elements, ^camples of oxides prefeired as 
support include silicon dioxide, aluminum oxide and mixed oxides of the elements calcium, 
aluminum, silicon, magnesium and titanium and also corresponding oxide mixtures. Other 
inorganic oxides which can be used alone or in combination with the abovementioned prefored 
oxidic supports are, for example, MgO, Zr02, Ti02 or B2O3, A preferred mixed oxide is, for 
30 example, calcined hydrotalcite. 
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The support materials used preferably have a specific surface area in the range from 10 to 
1 000 mVg, a pore volume in the range from 0.1 to 5 ml/g and a mean particle size of from 1 to 
500 pm. Preference is given to supports having a specific surface area in the range from 50 to 
500 mVg, a pore volume in the range from 0.5 to 3,5 ml/g and a mean particle size in the range 
5 from 5 to 350 }im. PartiGulHr prefbrenGC is given to supports hBving ^ specific sin^ce area in the 
range from 200 to 400 mVg, a pore volume in the range from 0.8 to 3.0 ml/g and a mean particle 
size of from 10 to 100 ^m. 

The inorganic support can be subjected to a thermal treatment, e.g. to rmove adsorbed 
water. Such a drying treatment is gently carried out at fix>m 80 to BOO^'C, preferably from 100 
10 to 200*'C, with drying at from 100 to 200**C preferably being carried out under reduced pressure 
and/or under a blanket of inert gas (e.g. nitrogen), or the inorganic support can be c^cined at 
from 200 to 1 000*^0 to set, if desired, the desired structure of the solid and/or the desu^ed OH 
concentration on the surfitce. The support can also be treated chemically using customary 
desiccants such as metal alibis, preferably alununum alkyls, chlorosilanes or SiCU or else 
1 5 methylaluminoxane. Suitable treatment methods are described, for «anq>le, in WO 00/3 1090. 

The inofganic support material can also be diemically modified. For example, treatment 
of silica gel with (NH4)2SiF6 leads to fluorination of the silica gel surface or treatment of silica 
gels with silanes containing nitrogen-, fluorine- or sulfur-containing groups leads to 
correspondingly modified silica gel surfrtces. 
20 Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, 

polypropylene or polystyrene) can also be used and should likewise be freed of adhering 
moisture, solvent residues or other impurities by means of appropriate purification and drying 
operations before use. It is also possible to use fimctionalized polym^c supports, e.g. ones 
based on polystyrenes, via whose fiinctional groups, for example ammonium or hydroxy groups, 
25 at least one of the catalyst components can be immobilized. 

In a preferred form of the preparation of the supported catalyst system, at least one of the 
novel organometallic transition metal compounds of the formula (T) is brought into contact with 
at least one cocatalyst as activating or cation-forming compound in a suitable solvent, giving a 
soluble or insoluble, preferably soluble, reaction product, an adduct or a mixture. 
30 The preparation obtained in this way is then mixed with the dehydrated or passivated 

support material, the solvent is removed and the resulting supported organometallic transition 
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metal catalyst system is dried to ensure that all or most of the solvent is removed from the pores 
of the support material. The supported catalyst is usually obtained as a free-flowing powder. 
Examples of the industrial implementation of the above process are described in WO 96/00243, 
WO 98/40419 or WO 00/05277. 

5 A fiirther preferred embodiment comprises firstly applying the cocatalyst or the cation- 

forming compound to the support conq>onent and subsequently bringing this supported 
cocatalyst or this cation-forming compound into contact with the organometallic transition metal 
compound of the present inventioa 

Further useful cocatalyst systems are combinations obtained by combining the following 

10 components: 

1st component: at least one defined boron or aluminum compound, 
2nd component: at least one imcharged compound which has at least one acidic hydrogen 
atom, 

3rd component at least one support, preferably an inorganic oxicUc support, and 
1 5 optionally, as 4th component, a base, preferably an organic nitrogen- 

containing base, for example an anune, an aniline derivative or a nitrogen 
heterocycle. 

The boron or aluminum compound used in the preparation of these supported cocatalysts 
is preferably a compound of the formula (VDI) 



>2B 

(VIII) 



20 where 

R** are identical or dififerent and are each hydrogen, halogen, Ci-Cio-alkyl, Ci-C2o-haIoalkyl, 
Ci-Cio-alkoxy, Ce-Czo-aiyl, Cg-Cao-haloaryl, Ce-Cro-aiylojqr, C7-C4o-ary!alky. C7-C40- 
haloarylalkyl, CT-C-w-alkylaryl, C7-C4o-haloalkylaryl orR** is an OSiR^'a group, whMC 
R" are identical or different and are each hydrogen, halogen, Ci-Cao-alkyl. Ci-C2o-haloalkyl, 
25 Ci-Cio-alkoxy, Cfi-CM-aiyl, Ce-Cao-haloaryl, Ce-Cao-aiyloxy, C7-C4o-arylalkyl, C7-C40- 

haloarylalkyl. C7-C4o-Jdkylaiyl, C7-C4o-haloall^laiyl, preferably hydrogoi, Ci-Cs-allqrl or 
C7-C2o-aiylalkyl, and 

24 



LU 6142 (US) 



is boron or aluminum, preferably aluminum. 

Particularly preferred compounds of the formula (Vm) are trimethylaluminum, 
triethylaluminum and triisobutylaluminum. 

The uncharged compounds which have at least one acidic hydrogen atom and can react 
5 with compounds of the fommila (VII!) are preferably confounds of the formulae (EX), (X) and 

(XI), 

^ WH (Ra8)3j^B (D-H)h H-D D-H 

(IX) (X) (XD 

are identical or (fifTerent and are each hydrogen, halogen, a boron-firee organic radical 
having fiom 1 to 40 carbon atoms, e.g. Ci-Cio-all^l, Ci-Czo-haloallQrl, Ci-Cio-alkoxy, 

10 C6-C2o-aryl, C6-C20-haloaryl, Ce-Cao-aryloxy, C7-C4o-arylalky, C7-C4o-haloarylalky, Cr- 

C4o-aIkylaryl. C7-C4o-haloalkylaryl, an Si(R^% radical or a CH(SiR^3)2 radical, where 
is a boron-free organic radical having from 1 to 40 caibon atoms, e.g. Ci-Cio-alkyl, Ci- 
C2o^oalkyl, Ci-Cio-aIko3iy, C6-C2o-aryl, C6-C2(rhaloaiyl, Cs-Czo-aryiojqr, C7-C40- 
arylalky, C7-C4o-haloarylalky, C7-C4o-alkylaryl, Cv-CiKrhaloalkylaryl, and 

15 is a divalent organic group having from 1 to 40 carbon atoms^ e.g. Ci-C2o*alkylene, Ci- 

C2o-haloalkylene, Ce-Cao-arylene, C6-C2o-haloarylmie, C7-C4(rarylall<ylene, C7-C40- 
haloaiylalkylene, C7-C4o-aIkylarylene, C7-C40-haloalkylarylene, 
D is an element of group 16 of the Period Table of the Elements or an NR^^ group, where 
R^* is hydrogen or a Ci-C2o-hydrocarbon radical such as Ci-C2o-alkyl or C6-C2o-aryl, 

20 and D is preferably oxygen, and 

h lor2. 

Suitable compounds of the formula (IX) are water, alcohols, phenol derivatives, 
thiophenol derivatives or aniline derivatives^ with halogenated alcohols and phenols being of 
particular importance and perfluorinated alkyls and phenols being of very particular importance. 
25 Examples of particularly useful compounds are pentafluorophenol, 1,1-bis- 

(pentafluorophenyl)methanol or 4-hydroxy-2,2%3,3*,4*,5,5\6,6*-nonafluorobiphenyl. 

Suitable compounds of the formula (X) are boronic acids and borinic acids, in particular 
borinic acids having perfluorinated aryl radicals, for example iCeF^^T^OEL 



25 



LU 6142 (US) 

Suitable compounds of the fbnnula (XI) are dihydroxy compounds in which the divalent 
caibonrcontaining group is preferably halogenated and particularly preferably perfluorinated. 
An example of such a compound is'4.4*-dihydroxy-2.r.3,3%5.5%6.6'-octafluorobiphenyl 

hydrate. 

Examples of combinations of cos«>ounds of flie fisnnula (VIO) ™ith compoiinds of the 
formuU (IX) or (XI) are trimethylaluminum/pentafluorophenol. trimethylaluminum/l-bis- 
(pentafluorophenyl)-methanol,trimethylaluminum/4-hydroxy-2.2',3,3*,4'.5,5*,6,6*- 

nonafluoiobiphenyl, tfiethylaluminum/pCTtafluoropheiol, 

triisobutylaluminum/pentafluorophenol and triethylaluminum/4,4*-diliydroxy-2,2',3,3',5.5%6,6'- 
octafluoiobiphenyl hydrate, with, for example, reaction products of the following type b«ng able 
to be formed: 

i-Bu a 

Me 

Examples of reaction products from the reaction of at least one compound of the formula 
(Vni) with at least one compound of the formula (X) are: 



The order in which the components are combined is in principle immaterial. 
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If desired, the reaction products from the reaction of at least one compound of the 
formula (Vm) with at least one compound of the formula (DQ, QQ or (XI) and optionally the 
oiganic nitrogen base may additionally be combined with an organometallic compound of the 
formula OH), (IV), (V) and/or (VII) in ordor then to form the supported cocatalyst ^em with 

In a prefeired variant, the first component, e.g. compounds of the formula (Vm), is 
comb'med with the 2nd component, e.g. compounds of the formula (IX), (X) or (XQ, and a 
support as 3rd component is combined separately wth a base as 4th component and the two 
components are subsequently reacted with one another, preferably in an inert solvent or 
10 suspension medium. The supported cocatalyst formed can be freed of the inert solvent or 

suspension medium before it is reacted with the novel oiganometalUc transition metal compound 
of the formula CO and, if desired, a metal compound of the fommla (VII) to form the catalyst 
system. 

It is also possible firstly to prepolymerize the catalyst solid with a-olefins, preferably 
1 5 linear C2-Cio-l-alkenes and in particular ethylene or propylene and then to use the resulting 

prepolymerized catalyst solid in the actual polymerization. The mass ratio of catalyst solids used 
in the prepolymerization to monomer polymerized onto it is usually in the range from 1 :0. 1 to 
1:200. 

Furthermore, a small amount of an olefin, preferably an a-olefm, for example 
20 vinylcyclohexane, styrene or phenyldimethylvinylsilane, as modifying component, an antistatic 
or a suitable inert compoimd such as a wax or oil can be added as additive during or after the 
preparation of the supported catalyst system. The molar ratio of additives to the organometallic 
transition metal compound of the present invention is usually from 1:1000 to 1000:1, preferably 
from 1:5 to 20:1. 

25 The novel organometallic transition metal compounds of the formula 0) or the catalyst 

systems in which they are present are suitable for the polymerization or copoly mmzation of 
olefins. 

The present invention therefore also provides a process for preparing polyolefins by 
polymerization or copolymerization of at least one olefin in the presence of a catalyst system 
30 comprising at least one of the novel organometallic transition metal compounds of the formula 
(0. 
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In general, the catalyst system is used together with a further metal compound of the 
formula (VII), which may be different fiom the metal compound or compounds of the formula 
(Vn) used in the preparation of the catalyst system, for the polymerization or copolymerization 
of olefins. The forther metal compound is generaUy added to the monomer or the suspension 
J is ^^^^/^ /^p«,K<!»a«m>e nitit/^K fraM gHyerselv alF<?ct the catalvst 

activity. It is also possible to add ohe or more fiirther cocatalytic or cation-fomring compounds 
to the catafyst systaa in the polymerization process. 

The olefins can be fonctionalized, olefinicsOly unsaturated compounds such as ester or 
amide derivatives of acryUc or metiiacrylic acid, for example acrylates. methaciylates or 
acrylonitrile, or nonpolar olefinic compounds, including aryl-substituted a-olefins. 

Preference is given to polymerizing olefins of the fo^nulaR"-CHKM-R^ where R" and 

R- are identical or different and are each hydrogen or an organic radical, in particular a 
hydrocarbon radical having from 1 to 20 caibon atoms, in particular fitom 1 to 10 caibon atoms, 
or R" and R" together witii the atoms connecting them can form one or more rings. 
15 Examples of such olefins are 1-olefins having &om 2 to 40. preferably fiom 2 to .10. 

caibon atoms, e g. ethylene, propylene, 1-butene, l-pentene, l-hexene, 1-heptene. 1-octene. 1- 
decene or 4-metfiyl- l-pentene. and unsubstituted or substituted vinylaromatic compounds such 
as styrene and styrene derivatives, and dienes such as 1,3-butadiene. 1 .4-hexadiene, 1,7- 
octadiene. 5-eUiylidene-2-noibomene, noibomadiene. etiiyhiorijomadiene and cyclic olefins such 
20 as noibomene. tetracyclododecene or methylnorbomene. Preference is given to ethylene, 
propylene. 1-butene. l-hexene or 4-meaiyl-l-pentene. 

The catalyst system of the present invention is particularly preferably used for 
homopolymerizing propylene or ettiylene or copolymerizing etiiylene with Ca-Cg-a-olefins such 
as propylene. 1-butene, l-pentene, l-hexene and/or 1-octene and/or cyclic olefins such as 
25 noibomene and/or dienes having from 4 to 20 caibon atoms, e.g. 1,4-hexadiene, noibomadiene. 
ethylidenenoiboniene or etiiyhioibomadiene. or, particularly preferably, copolymerizing 
propylene witii ethylene and/or 1-butene. Examples of such copolymers are propylene-ctiiylene. 
propylen-l-butenci efliylene-l-butene, efliylene-l-hexene and ethylene-l-octene copolymers, and 
ethylene-propylene-efliylidenenoibomene and etiiylene-propylene-1.4-hexadiene terpolymers. 
30 The polymerization can be carried out in a known manner m bulk, in suspension, in tiie 

gas phase or in a supercritical medmm in tiie customaiy rcactore used for tiie polymerization of 
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olefins. It can be carried out batchwise or preferably continuously in one or more stages. 
Solution processes, suspension processes, stirred gas-phase processes and gas-phase fluidized- 
bed processes are all possible. As solvent or suspension medium, it is possible to use inert 
hydrocarbons, for example isobutane, or else the monomers themselves. 

on. ^« K« ^o«ied out at ^om -60 to SOO^C and at pressures in the range 

from 0.5 to 3 OOO bar. Preference is given to temperatures in the range from 50 to 200«C, in 
particular from 60 to lOO'C. and pressures in the range from 5 to 100 bar, in particular from 1 5 
to 70 bar. The mean residence times are usually from 0.5 to 5 hours, preferably from 0.5 to 
Shours. Hydrogen can be used in the polymerization as molar mass regulator and/or to increase 

0 the activity. Furthermore, customary additives such as antistatics can also be used. The catalyst 
system of the present invention can be used directly in the polymerization. i.e. it is introduced in 
pure form into the polymerization system, or it can be admixed with inert components such as 
paraflBns, oils or waxes to improve meterabiliQr. 

The catalyst systems of the present invention are especiaUy usefid ftw preparing 

15 propylene homopolymers having a reduced isotacticity. i.e. reduced melting points, for preparing 
high molecular weight ethylene-propylene copolymers and for preparing high molecuhir waght 
polyethylenes. The catalyst system of the present invention makes it possible to prepare, for 
example in a two-stage cascade process, polymer matures which comprise a low-ethylene 
"propylene-ethylene rubber^ as elastic phase in a crystaUine polyethylene matrix. 

20 The invention fiirther provides the polyolefins obtainable by one of the abovementioned 

polymerization processes, in particular homopolymers and copolymers of propylene, and 
polyolefin compositions comprising the polyolefins obtainable by means of the catalyst systems 

of the present inventioa 

The polymers prepared by the process of the present invention and polyolefin 
25 compositions in which these are present are particularly usefiil for producing hard and stiff 
shaped bodies having a high ultimate tensile strength, e.g. fibers, filamerts, injection-molded 
parts, fihns, plates or large hoUow bodies (e.g. pipes), or are used, in particular, in plasticizer and 
lubricant formulations, melt adhesive applications, coatings, sealants, insulation, casting 

conqwations or acoustic insulation materials. 
30 The invention is Ulustrated by the following nonlimiting examples: 



29 



LU 6142 (US) 
General procedures: 

The synthesis and handling of the oi]^ometallic compounds of the catalysts was carried 
out vwth exclusion of air and moisture under aigon (glove box and Schlenk technique). All 
solvents used were purged vwth argon and dried over molecular sieves before use, 
5 Tetrahydrofuran (THF), dielhy! ether and toluene v/ere dried by refluxiag fbr a number of hours 
over sodium/b^izophenone, pentane over sodium/benzophenone/triglyme and dichloromethane 
over calcium hydride, subsequently distilled off and stored over 4A molecular sieves. 

Nfethylalumoxane (solution in toluene; 30% by weight of MAO) was procured from 
Albemarle Corp, and Al(/50-Bu)3 (1 M sohition in tohiene) was procured from Aldrich Chemical 
10 Company. 

Water-free heptane for the suspension polymerization was obtained by passing h^tane 
through a column packed with 3 A molecular sieves and a colunm padced with aluminum oxide. 

Eaton's reagent was used as procured commercially (Aldrich; 7% by weight phosphorus 
pentoxide in methanesulfonic acid). 
15 4-Phenylbenzo[6]thiophene was synthesized by a method analogous to that of M. Kloezel 

et aL. J. Organic Chem., 19, 151 1 (1953). 

Mass spectra were measured using a Hewlett Packard Series 6890 instrument equipped 
with a series 5973 mass analyzer (EI, 70 eV). 

NMR spectra of organic and organometallic compounds were recorded at room 
20 temperature on a Varian Unity 300 ISIMR spectrometer. The chemical shifts are reported relative 
toSiMe4. 

Determination of the melting point: 

The melting pomt Tm was determined by DSC measurement in accordance with ISO 
Standard 3 146 in a first heating phase at a heating rate of 20*^0 per minute to 200*'C, a dynamic 
25 crystallization at a coolmg rate of 20^C per minute down to 25**C and a second heating phase at a 
heating rate of 20^C pw minute back to 200X. The mehing point was then the temperature at 
which the curve of enthalpy v^-sus temperature measured in the second heating phase displayed 
a maximum. 

Gel permeation chromatography 
30 Gel permeation (GPC) was carried out at 145X in l,2,4-4richlorobenzene usmg a Waters 

150C GPC apparatus. The data were evaluated using the software \Wn-GPC from HS- 
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Entv^ckhingsgesellschaft fiir wissenschaftliche Hard- iind Software mbH Ober-HUbersheim. 
The columns were calibiated by means of polypropylene standards having molar masses ranging 
from 100 to 10^ g/moL Mass average and number average (Mn) molar nuisses of the 
polymers were determined. The Q value is the ratio of mass average molar mass QAvi) to number 

5 avewige molar mass (M-:). 

Determination of the viscosity number a.V.Y 

The ^scosity numb^ was determined in decalin at 135°C in an Ubbelohde viscometer 
PVS 1 with an S 5 measuring head (both from Lauda). For the sample preparation, 20 mg of 
polymer were dissolved in 20 ml of decalin at 135*»C over a period of 2 hours. 15 ml of the 

1 0 sohition were placed in the viscometer, the instrument carried out a minimum of three rurming- 
out time measurements until a consistmt result was obtained. The L V. is calculated from the 
ranning-out times in accordance with LV. = (t/tcrl)*l/c, where t = mean of tfie running-out time 
of the solution, tb== mean of the nmmng-oiit time of the solvent, c = concentration of the solution 
in g/ml. 

15 Esainmipl<^ 

la) Synnttlhesns off 2-metlhyIl-8-pIheiniyD-l,2-dBIhydIiroIbcm^ 
(Iffl) 

A mixture of 10 g of 4-phenylbenzo[*]thiophene (47.6 mmol) and 4.8 ml of methacrylic 
20 acid (56.6 mmol) was added to 100 ml of Eaton's reagent over a period of 30 minutes, vwtii the 
reaction temperature during the addition being SOX. The reaction mixture was cooled to eO^'C 
and 400 ml of water were introduced slowly while stirring vigorously. The precipitated product 
was dissolved by addition of 250 ml of dichloromethane. After phase separation, the organic 
phase was washed with a saturated solution of sodium hydrogencari)onate and with water and 
25 subsequently dried ovct magnesium sulfate. The solvent was removed and 12 g of product were 
obtained. The product had a purity of 90% according to GC and consisted of two isomers 
present in a ratio of about 7:3 (thiophen-3-one : thiophen-l-one). 

^H.NMR of tiie main isomer (CDCU): 8 - 7.8 (d, IH), 7.2-7.5 (m, 7H), 2.85 (m, IH), 2.7 
(d, IH), 2.05 (d, IH), 1.1 (d, 3H) ppm; EIMS: m/e (%) = 278 (pvT), 100), 263 (65), 249 (13), 
30 234 (21), 221 (47), 202 (16), 189 (9), 176 (6), 163 (8), 151 (3), 139 (3). 
lb) 2-M0tliiy8.S-pheBii]^IIbeiiizo[b]cycIo|peinta[d](tBsDO|pIliN^ (lb) 
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A solution of 81.4 g of 2-methyl-8-plienyH,2-dihydrQbenzo[ft]cydopenta[rflthiophenone 
(0.29 mol) (la) in 800 ml of THF was admixed at 0»C with 225 ml of a 1.0 molar solution of 
lithium aluminum hydride (0.23 mol) in diethyl ether. The mixture was stirred at room 
tempeiature for another 4 hours. 25 ml of water were then carefolly added and the resulting 
i suspen^on was SUercd through a layer of Celite and dried over magnesium sulfate. After 
fihration. the solvent was removed and a brown vitreous soUd was obtamed. ThesoUdwas 
dissolved in 400 ml of toluene and, after addition of 2.0 g of p-toluenesulfonic add, stirred at 
TO-C for 2 hours. The cooled reaction mixture was washed with a saturated solution of sodium 
hydrogencaibonate and with water and dried over magnesium sulftte. After the desiccant had 
0 been separated ofi^ the solvent was removed and the residue was chromatographed on silica gel 
(5% methylene chloride in hexane as ehiant). This gave 39 g (52%) of (lb) as a light-yellow oil. 

•H-NMR (CDCb) 2 isomers: 5 = 7.6 (m. IH), 7.4 (m, 5H). 7.2 (m. 2H). 6.54 (s) and 5.8 
(s) (IH total). 3.28 (s) and 2.79 (s) (2H total). 2.08 (s) and 2.02 (s) (3Ht»taD ppm. EIMS: m/e 
(o/o) = 262 (M^. 100). 245 (21X 234 (5). 221 (16). 202 (10). 184 (5), 163 (3), 122 (5). 

15 ic) Bitane4lliyB-bM2-in.ieiatoyll-8-lpIl>'®>niy8^^^ ^^^^ 
A solution of 19.0 g of 2-methyl.8-phenylbenzo[6]cyclopenta[€qthiophene (72.5 mmol) 

in 100 ml of tetrahydrofiiran was cooled to -78"'C and admixed with 29 ml of a solution of n- 
butyllithium in hexane (2.5 M. 72.5 mmol). The reaction mfarture was subsequently stirred at 
room temperature for 6 hours. The deep black solution was added dropwise at -78-C to a 

20 solution of 4.66 g of dichlorodimethylsilane (36.2 mmol) in 50 ml of THF. THe reaction mfactuie 
was subsequently slowly wanned to 50°C and stirred for 16 hours. 10 ml of a saturated sohition 
of ammonium chloride were slowly added, the phases were separated, the organic phase was 
dried over magnesium sulfate and the solvent was removed to give the crude product as a viscous 
oa. The crude product was chromatographed on silica gel (methylene chloride (20%)/hexane) to 

25 give 12.7 g (61%) of the silane (Ic) as a viscous oU. 

»H-NMR (CDCI3). several isomers: 5 = 7.7-7.9 (m, 2H); 7.3-7.6 (m, lOH); 7. 1-7.3 (m, 
4H); 6.05 (s). 5.95 (sX (IH total); 4.05 (s), 3.9 (s). 3.85 (s). (IH total); 2.95 (s). 2.9 (s). (2H 
total); 1.95 (s). 2.05 (s). 2.1 (s), 2.15 (sX 2.2 (s), (6H total). -0.2 (m). 0.2 (s). 0.35 (s). (6H total) 
ppm. 

30 1 PBtt|pjaratBomoff{M(^,S8(2-M©^lP8i-bMiiMl^^ 
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A solution of 12.7 g of dimethyl-bis-(2-methyl-8-phenyl-3H- 
bei.2o[ft]cyclopeiita[rflthiophei..3-yl).silane (21.9 mmol) in 200 ml of diethyl ether was cooled to 
-780C and admixed with 17.5 ml of a solution of n-butyllithium in hexane (2.5 M. 43.8 mmol). 
The reaction mixture was subsequently stirred at room tanperature for 8 hours. The solvent was 
resnoyed under reduc-d pressure. 5.1 s of ^f^onium tetrachloride (21.9 mmol) were added to the 
residue and the reaction mixture was suspended in 100 ml of hexane containing 2 ml diethyl 
ether and stirred at room temperature for 16 hours. The yellow soUd was isolated with the aid of 
a ftit which could be upended, the filteicake was washed with 20 ml of hexane and 20 ml of 
diethyl edier and dried under reduced pressure. TMs gave 16.7 g of crude product. 6 g of the 
crude product were stirred up m 150 ml of methylene chloride and the suspension was filtered 
through Cdite. The fihrate was evaporated completely to give 4 gofcrudemetaUocene having a 
rac /meso isomer ratio of about 40/60. The crude metallocene was stirred up in 30 ml of acetone 
and tiie soUd was isolated by filtration. The filteicake was washed with pentane and dried under 
reduced pressure. This gave 0.6 g of the pure rac isomer, 

^H-NMR (CDCI3): 5 = 7.65 (m, 2H). 7.25-7.5 (m. 14H). 6.2 (s. 2H), 2.25 (s, 6H), 1.1 (s. 

6H) ppm. 

X-ray structure analysis: Figures la and lb show the structure of tiie compound (1) from 
difTerent perspectives. 



4 ml of a solution of triisobutylaluminum in toluene (4 mmol, IM) were placed in a dry 
1 1 reactor which had been flushed with nitrogen. At 30°C, 250 g of propylene were introduced 
and tiie contents of tiie reactor were heated to 65'>C. A catalyst solution prepared by combining 
0.6 mg of the metaUocene (1) from Example I dissolved in 1 .2 ml of toluene witii 0.8 ml of a 
solution of metiiylaluminoxane in toluene (3.8 mmol, 30% by weight) and subsequently allowing 
tiie nrixture to react for a fiirtiier 10 minutes was introduced togetfier with 50 g of propylene into 
the reactor. The contents of tiie reactor were stirred at 65X for I hour and the polymerization 
reaction was stopped by venting tiie reactor. The reactor cool^ to room temperature during 
vaporization of tiie propane. After flushing tiie reactor witii nitrogen for 10 minutes, 5 ml of 
metiianol were added to tiie contents of tiie reactor. The polymer was taken from tiie reactor as a 
solution in toluene. After evaporation of tiie tohiene solvent, tiie polymer was dried at 50«C 
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under reduced pressure for 2 hours. This gave 28.2 g of polypropylene. The results of the 
polymerization and the results of the polymo- analysis are shown in Table 1 below. 

Pentad analysis by means of the "C-NMR spectnim: mmmm: 11.61%; mmmn 13.91%; 
munr. 7.13%; nunir 8.97%; xmrx: 25.83%; rmrm: 19.78%; rrrr 1.63%; nrm: 4.90%; 



•A OAO/. 



Triad analysis by means of the "C-NMR spectnrai: mm: 32.65%; mr. 54.57; rr:12.77%. 
Exiainiiple JP2, Monnoipol^nmeiriizatiom of pirogteme 

The polymerization was carried out m a mann^ analogous to example PI. 4 ml of a 
sohition of triisobutylaluminum in toluene (4 mmol, IM) together with 250 g of propylene were 
placed in the reactor at 30*C and the mixture was heated to 50X. A catalyst sohition prepared 
by combining 2.0 mg of tiie metaUocene (1) fiom example 1 dissolved in 4 ml of tohiene with 
0.8 ml of a sohition of methylahimoxane in (3.8 mmol, 30% by weight) and subsequentiy 
allowing the mixture to react for anotiier 10 minutes was mtroduced together with 50 g of 
propylene into tiie reactor. The contents of the reactor were stirred at SO*»C for 0.5 hours. After 
tiie reaction had been stopped, the polymer was worked up to give 8 g of polypropylene. The 
results of the polymerization and tiie results of the polymer analysis are shown in table 1 below. 
Esample F3 CopoJyoinieirizattBOiiB off propme w548j eUllBeme 

The polymerization was carried out in a manner analogous to example P2. 4 ml of a 
solution of triisobutylaluminum in tohiene (4 mmol, IM) were placed in a diy 1 1 reactor which 
had been flushed witii nitrogen. At SO^C, 250 g of propylene were introduced and tiie contents 
of tiie reactor were heated to SO^C. A catalyst solution prepared by combining 2.0 mg of the 
metallocene (1) from example 1 dissolved in 4 ml of toluene witii 0.8 ml of a solution of 
mettiylalumoxane in toluene (3.8 mmol, 30% by weight) and subsequently allowing the mixture 
to react furtiier for 10 minutes was introduced together witfi 50 g of propylene into tiie reactor. 
Etiiylene was introduced into the reactor at a gauge pressure of 6 bar. The cortents of tiie reactor 
were stirred at 50°C for 0.5 hour, witii tiie etiiylene pressure being maintained by introduction of 
fortiier etiiylene. The reaction was stopped and tiie polymer was worked up to give 57 g of 
polymer. The resuhs of the polymerization are ^own in table 1 below. 
Ezamiple F4 GopotynieirizaltioHi of QMropeme with ettbeme 

The polymerization was carried out m a manner analogous to example P3. 4 ml of a 
sohition of triisobutylaluminum in tohiene (4 mmol, IM) togeflier witfi 250 g of propylene were 
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placed in the reactor at 30«>C and the mixture was heated to SO-C. A catalyst solution prepared 
by combining 2.0 mg of the metaUocene (1) from example 1 dissolved in 4 ml of toluene with 
0 8 ml of a sotation of methylalumoxane in tohiene (3.8 mmol, 30% by weight) and subsequently 
allowing the mixture to react fiirther fbr 1 0 minutes was introduced together with 50 g of 
p„,pyi«„e luio aie reactor. Ethylene was introduced into the -ctor at a gauge pressure of 
12 bar -me contents of the rector were stirred at 50X for 0.5 hour, witii the ethylene pressure 
being mamtained by introduction of fimher ethylene. The reaction was stopped and the polymer 
^ worked up to give 117 g of polymer. The resuhs of the polymerization are shown in table 1 
below 

TaMe i 



TeniapersiiAQLi^ 



Ikg^(g*b)] 



Ptg/moll 



Units and abbreviations: activity in kgpolymci/CgtnmsMonmetiaccmipoim^ ftpolyinrnzationtune;, wc 

average molar mass determined by GPC; polydispersity Q = M^/M.; ethene content determined 
by IR spectroscopy 

Esaimplle PS Hoiimoi[M>Ilyimcir5zatioin «f etlneme 

2 ml of a 1 molar solution of triisobutylaluminum in toluene (2 mmol) were placed in a 
15 dryllreactorwhichhadbeenflushedwithnitrogen. At 30X, 500 ml of dry heptane were 
introduced. A catalyst solution prepared by combining 0.1 mg of tiie metallocene (1) 
(0 135 nmol) from example 1 dissolved in 1.0 ml of toluene with 0.45 ml of a sohition of 
metiiylalumoxane in toluene (0.7 mmol, 10% by wdght) and subsequently allowing tiie mixture 
to react further forlO minutes was introduced into the reactor. The reactor was heated to 80-C 
20 andethylenewasintroducedintotiiereactoratagaugepressureof lobar. The contents of the 
reactor were stirred at 80°C for 10 minutes and tiie polymerization reaction was stopped by 
venting tiie reactor. After cooUng to room temperature. 5 ml of metiianol were added to tiie 
contents of tiie reactor. Tlie polymer was isolated and dried at 500C under reduced pressure fi>r 
4hours. This gave 16.6 g of polyetiiylene. The results of tiie polymerization and the results of 
25 tiie polymer analysis are shown in table 2 below. 
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l^BiDipile ms MomopoltyBiaieirizatioini of ettbme 

The polymerization was carried out in a manner analogous to example P5. 2 ml of a 
1 molar solution of triisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane 
were placed in the reactor at 30«>C. A catalyst sohition prepared by combining 0.1 mg of the 
metalloccnc (1) (0.135 -^ol) from example 1 dissolved in 1.0 mi of toluene with 0.45 ml of a 
solution of methylalumoxane in toluene (0.7 mmol. 10% by weight) and subsequently allowing 
themixtuietoreactfiirtherforlOmmuteswasintroducedintotheieactor. After heating to 
80»C, ethylene was introduced into the reactor at a gauge pressure of 10 bar. The contents of the 
reactor were stirred at SO'C for 20 minutes, with the ethylene pressure being maintained by 
introduction of fiirther ethylene. The reaction was stopped and the polymer was worked up to 
give 18.7 g of polyethylene. The results of the polymerization and the results of the polymer 
analysis are shown in table 2 below. 
EaaraiplIeFZ ' MonmopoDymerizatioBi of etheme 

The polymerization was carried out in a manner analogous to example P6. 2 ml of a 
15 1 molar solution oftriisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane 

were placed in the reaaor at 30*>C. A catalyst solution prepared by combinmg 0. 1 mg of the 
metallocene (1) (0.135 ^mol) from example 1 dissoWed in 1.0 ml of toluene with 0.45 ml of a 
solution of methylalumoxane in toluene (0.7 mmol 10% by weight) and subsequently allowing 
the mixture to react further for 10 minutes was introduced into the reactor. After heating to 
20 80»C. ethylene was introduced into the reactor at a gauge pressure of 10 bar. The contents of the 
reactor were stirred at 80X for 30 minutes, with the ethylene pressure betog maintained by 
uitroduction of further ethylene. The reaction was stopped and the polymer was worked up to 
give 21.5 g of polyethylene. The results of the polymerization and the resutts of the polymer 
analysis are shown in table 2 below. 
25 Comparative eaainmplle CPU MonmopolyBifflerizatiop offettoenie 

The polymerization was carried out in a manner analogous to example P7. 2 ml of a 
1 molar solution of triisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane 
were placed in the reactor at 30«»C. A catalyst solution prepared by combining 0.1 mg of 
ethylenri>ismdenylzirconium dichloride dissolved in 1.0 ml of toluene with 0.8 ml of a solution 
30 of methylalumoxane in toluene (1.2 mmol. 10% by weight) and subsequently allowing the 
moturetoreactfiirtherforlOminuteswasintroducedintothereactor. After heating to 80°C, 
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ethylene was introduced into the reactor at a gauge pressure of 10 bar. The contents of the 
reactor were stirred at 80<»C for 30 minutes, with the ethylene pressure being maintained by 
irtroduction of forther ethylene. The reaction was stopped and the polymer was worked up to 
give 11.8 g of polyethylene. The results of the polymerization and the results of the polymer 
5 analysis are shown in table 2 bdow. 

The polymerization was carried out in a manner analogous to example FV. 2 mi ot a 
1 motor sohition of triisobutylaluminum in tohiene (2 mmol) together with 500 ml of heptane 
were placed in the reactor at 30»C. A catalyst solution prepared by combining 0.1 mg of the 
10 metallocene(l)fromexamplel dissolvedinl.0mloftoh.enewith0.45mlofasohrtionof 
methylalumoxanemtoluene(0.7 mmol, 10»/. by weight) and subsequently aUowing the mucture 
toreact&rtherforlOminuteswasintioducedmtothereactor. 100 ml of hydrogen were passed 
mto the reactor. After heating to 80°C. ethylene was introduced into the reactor at a gauge 
pressure of 10 bar. The contents of the reactor were stined at 80'»C for 30 minutes, with the 
15 ethylene pressure being maintained by introduction of fiirther ethylene. The reaction was 
stopped and the polymer was worked up to give 12.6 g of polyethylene. The results of the 
polymerization and the results of the polymer analysis are shown in table 2 below. 



Table 2 



lEbauntiplie 



P5 



P6 



P7 



Trams, inetafi 
comp. [mg) 



0.1 



0.1 



0.1 



0.1 



0.1 



Folym. 
Time 



1/6 



1/3 



1/2 



1/2 



1/2 



Hydrogera 
[ml] 



0_ 
0 



100 



Poltyoner 
yield tel 



13.6 
18.7 



21.5 



11.8 
12.6 



Activity 



816 



562 



430 



236 
252 



ViscosSty 
number 



14.7 



13.8 



15.7 



1.1 
1.14 



Melting 
poifflt fC] 



141 



141 



144 



143 



140 



20 



All polymerizations of ethylene were carried out in heptane (500 ml) m the presence of 2 mmol 
of TiBA at 80»C and 10 bar of ethene pressure; the ratio of AImao^Ztimc was about 5 270; 
Units and abbreviations: activity in kgpotymef/(g«m«woB metal c«mi|Kmiid * hpoUmMiationtime) 



37 



LU 6142 (US) 
Weclum 

1. An organometallic transitioii metal conqiound of the formula 00 



10 




IS 



wh^e 

is a metal of group 3. 4. 5 or 6 of the Periodic Table of the Elements or the 
lanthanides, 

X are identical or different and are each an otganic or inoiganic radical, where 

two radicals X can also be joined to one another, 
n is a natural number from 1 to 4, 

T*, are identical or different and are each a divalent group selected from the group 
consisting of -0-. -S-, -Se-, -Te-. -N(R"K -P(R^V, -As(R»'K -Sb(R"K - 
Si(R» V, -C(R'^'*VC(R"R'')- and -C(R")=C(R"H where and R' 

are identical or different and are each hydrogen or an organic radical having 
from 1 to 40 carbon atoms, 
K\ b7 are identical or different and are each hydrogen or an organic radical having 
15 from 1 to 40 carbon atoms, 

R?, R' are identical or different and are each hydrogen or an organic radical having 

from 1 to 40 carbon atoms, 
R^ R' aie identical or different and are each halogen or an organic radical having 
from 1 to 40 caibon atoms, where R^ is not m«hyl when T* is -C^i)=CCH>. 



38 



6142 (US) 

K*, r', R®, R", R" and R" are identical or different and are each hydrogen, halogen or 
an oi^c radical having from 1 to 40 carbon atoms, or two adjacent radicals 
R*, r', R*, R***, R" and R*^ together wth tiie atoms connecting them form a 
monocyclic or polycyclic, substituted or unsubstituted ring system which has 
from ! to 40 catbon atotm and may also contain heteroatoms selected from the 
group consisting of the elements O, S, Se. Te, N. P, As, Sb and Si. 
or, 

if T* or is -0-, -S-, -Se- or -Te-, the radical R' together with R* and/or the 
radical R** together with R" forms a monocyclic or polycyclic, substituted or 
unsubsdtuted ring system which has from 1 to 40 carbon atoms and may also 
contain heteroatoms selected from the group consisting of the elements O, S, 
Se, Te;N, P, As, Sb and Si, 

and 

A is a bridge conastingofa divalent atom or a *valent group. 

An organometalUc transition metal compound of the formula (I) as claimed in claim 1, 

wherein 

is an element of group 4 of the Periodic Table of the Elements, 
n is 2, 

T\T* are identical and are each -0-, -S-, -Se- or -Te-, 
R\ R' are identical and are each a Ci-Cw-alkyl radical, 
R^, R* are identical and are each hydrogen, 

R^ r' are identical or different and are each a substituted or unsubstituted Cs-Cm-aiyl 
radical or C2-C4o-heteroaromatic radical containing at least one heteroatom 
selected from the group consisting of O, N, S and P, 

R"*, R', R" and R" are identical and are each hydrogen, 

R*, R" are identical and are each hydrogen or an organic radical having from 1 to 
20 carbon atoms, 

A is a substituted silylene group or a substituted or unsubstituted ethylene group, 

and 

the other variables are as defined in claim 1 . 
5. A biscydopei^ienyl ligand system of the formula QS) 
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R^R» 



10 



15 



or one of its double bond isomers, 

where the variables R», R'. R^ R^ R' R^ R^. R'. R'. R*". R". T^ f» and A are as 

defined in formula (I). 
4. A biscyclopentadienyl ligand system of the formula (D) as claimed in claim 3. 

wherein 

are identical and are each -0-, -S-, -Se- or -Te-, 
are identical and are each a Ci-Cio-alky! radical, 
are identical and are each hydrogen, 

are identical or different and are each a substituted or unsubstituted Ce-Cw-aiyl 
radical or C2-C4o-heteroaromatic radical containing at least oneheteroatom 
selected fi-om the group consisting of O, N, S and P, 
R*, R*, R*° and R" are identical and are each hydrogen, 

R*, R*' are identical and are each hydrogen or an organic radical having from 1 to 
20 caibon atoms, 

and 

A is a substituted sUylene group or a substituted or unsubstituted ethylene group. 

A catalyst system for the polymerization of olefins comprising at least one organometaUic 
transition metal compound as claimed in claim l or 2 and at least one cocatalyst which is 
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able to oonvCTt the organometaUic transition metal compound into a species which 

displays polymerization activity toward at least one olefin. 
6 A catalyst system as claimed in claims which fiirther. comprises a support. 

7. A process for preparing polyolefins by polymerization or copolymerization of at least one 
olefin in the presence of a catalyst system as claimed in claim 5 or 6. 

8. The use of a biscyclopentadienyl ligand system as claimed in claim 3 or 4 for preparing 
an organometaUic transition metal compound. 

9. A process for preparing an organometaUic transition metal compound, which comprises 
reactuig a biscyclopentadienyl ligand system as claimed in claim 3 or 4 or a bisanion 
prepared therefiom with a transition metal compound. 

10. A polyolefin obtainable by the process as claimed in claim 7. 
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V Ahsthract 
The present invention relates to organometallic transition metal compounds of the 

formula (0 




-•X 



vfiaere 

5 M' is a metal of group 3. 4. 5 or 6 of the Periodic Table of the Elements or the lanthanides, 
X are identical or different and are each an organic or inorganic radical, where two radicals 

X can also be joined to one another, 
n is a natural number from 1 to 4, 

T', are identical or diffferent and are each a divalent group selected from the group consisting 
10 ' of -O-, -S-, -Se-. -Te-. -N(R^^. -P(R")-. -As(R")-. -Sb(R»^, -Si(R")2-. 
, ^(R»'r")-C(R*^*')- and -C(R")=C(R")-, where and R" are identical or 

different and are each hydrogen or an organic radical having from 1 to 40 caibon atoms, 
R^ R' are identical or different and are each hydrogen or an organic radical having from 1 to 40 
caibon atoms, 

15 K\ R* are identical or different and are each hydrogen or an organic radical having from 1 to 40 
carbon atoms, 

R^ R' are identical or different and are each halogen or an organic radical having from 1 to 40 
caibon atoms, where R^ is not methyl when is -C(I^=C^J)-, 
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K* R', R*. R", R" and R" are identical or different and are each hydrogen, halogen or an 

organic radical having from 1 to 40 carbon atoms, or two adjacent radicals R*. R , R , 
rW and R*^ t««eth«r until the atoms connecting them form a monocyclic or 
polycydic substituted or unsubstituted ring system which has from Ito 40 carbon atoms 
and may also contain hetsrcatcms selected Scm the group ecnsisdsg cf the elements O. 
S, Se, Te. N, P. As. Sb and Si, 



or. 



if or is -0-. -S-, -Se- or -Te-, the radical R^ together witii R* and/or the radical R* 
together witii R*" forms a monocyclic or polycyclic, substituted or unsubstituted ring 
10 system which has from 1 to 40 carbon atoms and may also contain heteroatoms selected 

from the group consisting of tiie elements O, S, Se, Te, N, P, As, Sb and Si, 

and 

A is a bridge consisting of a divalent atom or a divalent group, 

biscyclopentadienyl ligand systems having such a substitution pattern, catalyst systems 

15 comprising at least one of the organometaUic transition metal compounds of tiie present 

invention, a process for preparing polyolefins by polymerization or copolymerization of at least 
one olefin in the presence of one of the catalyst systems of tiie present invention and tiie 
polyolefins obtainable in tiiis way, tiie use of tiie biscyclopentadienyl ligand systems of tiie 
present invention for preparing oiganometallic transition metal compounds and a process for 

20 preparing organometallic transition metal compounds using tiie biscyclopentadienyl ligand 
systems. 
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